Objectives: To evaluate the effect of a single evening meal (gorging) on plasma lipids and lipoproteins in normal individuals observing the Ramadan Fast. During the Ramadan month, Muslims refrain from food and liquids during the day and eat a large meal after sundown. Design: Sequential measurement of plasma lipids and lipoproteins in Muslims observing the Ramadan Fast and non-fasting individuals. Setting: The study was conducted in the Bedouin town of Rahat, in the northern Negev area of Israel. Subjects: Twenty-two healthy subjects who fasted during Ramadan and 16 non-fasting laboratory workers, were studied before Ramadan, at week 1, 2 and 4 of the Ramadan month, and again four weeks after the end of Ramadan.
Introduction
Plasma cholesterol and plasma lipoproteins are main factors in the development of atherosclerosis and coronary artery disease. While low density lipoprotein (LDL) and lipoprotein (a) [Lp(a)] (Utterman, 1990) are directly correlated, high density lipoprotein (HDL), Gordon & Rifkind (1989) , showed a strong inverse correlation with the atherosclerotic process.
The effect of meal frequency on plasma lipoproteins is controversial (Gwinup et al, 1963; Irwin & Feeley, 1967; Jenkins et al, 1989; Wolfram et al, 1987; Edelstein et al, 1992; Arnold et al, 1993 Arnold et al, , 1994 . It is commonly thought that frequent daily meals improve the plasma lipid pro®le. Most studies designed to assess this issue compared very frequent meals [7±17 daily meals (nibbling)] to the usual 3± 4 meals per day pattern (Gwinup et al, 1963; Irwin & Feeley 1967; Jenkins et al, 1989; Wolfram et al, 1987; Edelstein et al, 1992) . Nibbling was associated with lower plasma total cholesterol and LDL, although reduced HDL cholesterol was also reported (Edelstein et al, 1992) . In a study of hypercholesterolemic patients (Arnold, et al, 1994) nibbling did not improve the lipid and lipoprotein pro®le when compared to the usual pattern of three daily meals. Little is known, however, on the effect of reduced meal frequency on plasma lipids. Ramadan is the month during which Muslims refrain from food and liquids during daylight hours and eat a large meal after sundown. This religious custom, practiced all over the globe, provides an unique opportunity to study the effect of changes in meal frequency [from 3±4 meals a day to one meal a day (gorging)] over an extended period of time, in free living individuals. We have recently shown a marked increase in plasma HDL-cholesterol and apoprotein A-I levels and signi®cantly improved LDL : HDL ratio during the Ramadan fast (Maislos et al, 1993) .
In this study we measured sequentially the effect of the Ramadan fast (gorging) on the plasma lipids and lipoproteins. Also, caloric intake and food composition were studied. Healthy Muslim volunteers were studied before Ramadan, at weekly intervals during the month of Ramadan, and one month after the end of Ramadan period.
Methods

Study design
The study was approved by the ethics (Helsinki) committee of the Soroka Medical Center. Volunteers were asked oral approval for participation in the study. The study was conducted in the Kupat Holim Community Clinic of Rahat, a Bedouin town located in the Negev area of Israel.
Twenty-two healthy volunteers (M:F 14:8) mean age 24 y (range 20±45 y), who fasted during the Ramadan month, consented to participate in this study. All individuals were in good health, and not under any medication. None of the women were pregnant nor using contraceptives. All volunteers were encouraged to continue their usual lifestyle and activities. Sixteen healthy laboratory personnel, who did not fast at Ramadan, (M:F 9:7) mean age 30 y (range 22±50 y) served as the control group. All subjects were studied a week before Ramadan, at day 7, 14, 26 of Ramadan, and one month thereafter. Subjects were questioned regarding general health and changes in habits such as smoking and physical activity during the Ramadan month. Height and body weight (with light clothing, barefoot and on the same scale) were recorded by the same observer on all occasions. Body mass index (BMI) was calculated using the formula: BMI Weight (kg)aHeight (meter) 2 .
Nutrient assessment
The Bedouin custom is that during the Ramadan month the entire family gather together, at nightfall, to eat the fastbreaking meal from a common set of dishes, where each individual chooses his preferred food. It is therefore dif®-cult to assess the individual's food intake either by a food questionnaire or by direct food examination. In order to evaluate the mean energy intake of the participating individuals, two households (eight adults each, participated in this study) were visited by a certi®ed dietitian on two occasions before Ramadan and another two occasions during Ramadan. The visits were performed at time of cooking and at supper; the dietitian took detailed notes of the amount and composition of ingredients utilized to ®x the meals, and the amount of food eaten by each of the participating volunteers, at each meal.
Food intake was analyzed for calories, carbohydrate, saturated fat and cholesterol, before and during Ramadan. Diet composition was calculated using the Guggenheim food composition tables (Guggenheim, 1991) .
Laboratory analysis
Venous blood was taken from all the volunteers on all the visits. Blood was taken after night fast at 08:00 am before and after Ramadan, and 8 h after last meal, between 11:00 and 12:00 am at each visit during Ramadan. Blood samples were drawn into dry and EDTA containing tubes, for obtaining serum and plasma levels respectively. All blood samples were transferred within one hour to the lipid research laboratory, where the serum and plasma levels were immediately separated.
Plasma high-density lipoprotein (HDL) was separated from other lipoproteins by centrifugation after the addition of a precipitating reagent (phosphotungstic acid and magnesium chloride) (Lopes-Virella et al, 1977) . To avoid interassay variations, all plasma and serum samples were frozen and stored until completion of the study. All determinations were made simultaneously, on the same run, soon after the end of the study.
Automated biochemistries were performed in an SMA autoanalyzer. Serum glucose was determined using a glucose oxidase method (Beckman Glucose-Analyzer). Plasma total cholesterol (TC) and HDL-cholesterol (HDL) were measured by an enzymatic colorimetric method using cholesterol esterase, cholesterol oxidase, peroxidase and the chromagen 4-aminophenazoneaphenol (Allain et al, 1974) . Plasma triglyceride (TG) levels were determined by an enzymatic colorimetric method using lipoprotein lipase glycerokinase, glycerophosphate oxidase and the chromagen 4-aminophenazoneaN-ethyl-N-(3-sulphopropyl)-m-amisidine (Fossati & Prencipe, 1982) . Very-lowdensity lipoprotein cholesterol (VLDL) was calculated as TGa2.21. Low-density lipoprotein cholesterol (LDL) was calculated using the Friedewald et al (1972) 
Results
There was no signi®cant change in body weight and BMI: 68 AE 4 kg (22.5 AE 1.3 kgam 2 ) before Ramadan, 67 AE 5 kg (22.3 AE 1.4 kgam 2 ) at the end of Ramadan and 68 AE 6 kg (22.5 AE 1.4 kgam 2 ) one month thereafter. Reported activity levels had not changed during Ramadan. Smoking habits of individuals were assessed by questionnaire. Sixteen of the 22 volunteers never smoked, six subjects who did smoke went down from an average of 12±8 cigarettes per day. Table 1 shows fasting plasma glucose, urea, creatinine, uric acid and albumin concentrations at different timepoints of the study. No signi®cant differences were observed in these parameters. In addition there were no signi®cant changes in plasma triglyceride, LDL-cholesterol and VLDL-cholesterol concentrations (Table 2) ; however, plasma total cholesterol levels showed a slight, non-signi®cant increase over the fourth week of Ramadan.
Plasma HDL-cholesterol levels in the Ramadan-fasting group are shown in Table 2 . It remained stable during the ®rst weeks of the study, but rose by 23% at week 4 (P`0.001 compared to weeks 0, 1, 2, and 8), and returned to previous levels one month after the end of Ramadan. The TC:HDL and LDL:HDL ratios for weeks 0, 4 and 8 were 3.67 AE 1.80; 2.74 AE 1.37; 3.52 AE 1.75 and 5.12 AE 1.60; 4.35 AE 1.65; 5.08 AE 1.70 respectively (P`0.05 in both cases for week 4 compared to weeks 0 and 8). Plasma Lp(a) levels before Ramadan were within the normal limits (Utterman, 1990 ; Table 3 ). As expected, it did not show (Table 2) , measured at weeks 0, 4 and 8, did not changed signi®cantly. Table 4 depicts the food consumed in two households of fasting volunteers who participated in the study, before and during Ramadan. There were no signi®cant differences either in the total calories neither in the percent of saturated fat or cholesterol intakes at the end of the time-periods studied.
Discussion
We investigated the effect of gorging on plasma lipids and lipoproteins in free living individuals. Our results con®rm previous reports (Maislos et al, 1993; Murphy et al, 1996) , that eating one large daily meal leads to a signi®cant increase in plasma HDL cholesterol. Whereas other studies (Gwinup et al, 1963; Irwin et al, 1967; Jenkins et al, 1989; Wolfram et al, 1987; Edelstein et al, 1992; Arnold et al, 1993 Arnold et al, , 1994 , have investigated the effect of frequent meals (nibbling) on plasma lipids. We assessed whether the increase in plasma HDL was due to changes in the quantity or composition of food ingested during Ramadan. With that purpose, two households, in each residing eight adults participating in this study, were investigated. As shown in Table 4 , the caloric content and distribution of nutrients of food consumed before and during Ramadan was not signi®cantly different. These results are supported by unchanged BMI during the study.
Our study was conduced under ®eld conditions, individuals maintained their usual lifestyle, customs and activities, and who complied with Ramadan from religious conviction. There was no change in the subjects physical activity level or smoking pattern, nor did they consume alcohol (forbidden by religious command). Thus, none of the factors known to affect the plasma HDL-cholesterol levels, other than the change in meal pattern, were observed in these subjects.
Plasma HDL-cholesterol was measured weekly during the gorging month. As shown in Table 2 , a signi®cant elevation on plasma HDL-cholesterol levels was observed only at the week 4 measurement of Ramadan. The mechanism leading to the elevation of plasma HDL-cholesterol is not clear. We suggest that the increase in plasma HDL- cholesterol here reported, is related to the effect of gorging to the post-prandial lipemia. The magnitude of the postprandial lipemia is of great importance to the metabolism and plasma levels of HDL (Patsch et al, 1983) . At usual diet, the blood stream is loaded with triglyceride-rich lipoproteins 3±4 times a day. Thus, the system is in a status of postabsorptive lipemia most of the time. Although after the gorging meal the postprandial lipemia will be of larger magnitude and duration than at periods of nongorging, also the absorptive-free hours will be longer. Thus, the net balance will bene®t more ef®cient metabolism of triglyceride-rich lipoproteins and higher plasma HDL. Plasma lipoprotein (a) levels, measured here for the ®rst time in Bedouins, were within the limits reported for other normal populations. Gorging had no signi®cant effect on the plasma levels of Lp(a). Similarly, plasma triglyceride, total cholesterol, LDL and VLDL cholesterol levels showed no signi®cant difference during the change in meal pattern.
In order to achieve at least eight hours of fasting, blood samples during Ramadan were drawn at noon, while before and after Ramadan they were drawn at 08:00 am.
A control group of non-Ramadan-fasting Jewish laboratory personnel was studied at the same time intervals as the gorging volunteers. As expected for the Jewish Israeli population (Maislos et al, 1993) , the control group showed an average higher plasma total and lipoprotein cholesterol than the Bedouin volunteers. In contrast to the Ramadan-fasting group, the control did not show any signi®cant change in the plasma lipids and lipoproteins.
